Plasma exposure to RFB and dAc-RFB, both substrates of CYP3A4, has been increased significantly by coadministration with CYP3A4 inhibitors, including HIV protease inhibitors (PIs) (1, 5), which has the potential to increase the risk of RFB-associated adverse events, including neutropenia and uveitis (Mycobutin product information, February 2002). Concomitant administration of amprenavir (APV) (1,200 mg twice a day [BID]) and RFB (300 mg once per day [QD]) for 10 days increased plasma RFB AUC from 0 to 24 h (AUC 0-24 ) and maximum concentration (C max ) 2.9-and 2.2-fold, respectively, and increased plasma dAc-RFB AUC 0-24 , C max , and minimum concentration 13.3-, 7.4-, and 32.9-fold, respectively, relative to those of RFB (300 mg once a day [QD]) alone; a 50% reduction in the RFB dose was recommended for the combination of RFB and unboosted APV (5). Similarly, coadministration of lopinavir (LPV)-ritonavir (RTV) (400/100 mg BID) and a 50%-reduced RFB dose (150 mg QD) for 10 days increased plasma RFB AUC 0-24 and C max 3.0-and 4.9-fold, respectively, increased the plasma dAc-RFB AUC 0-24 , C max , and minimum concentration 47.5-, 23.6-and 94.9-fold, respectively, and increased the total antimycobacterial AUC 0-24 5.7-fold relative to those of RFB (300 mg QD) alone (Kaletra [lopinavir-ritonavir] product information, January 2006). A reduction in the RFB dosage of at least 75% is recommended during coadministration with LPV-RTV (Kaletra product information, January 2006). Also an inducer of CYP3A4, RFB (300 mg QD) has been associated with a 34% reduction in indinavir AUC (3) and a 15% reduction in APV AUC (5), which increases the risk to patients for subtherapeutic antiretroviral treatment; however, LPV AUC was unchanged following administration of LPV-RTV (400/100 mg BID) with RFB (150 mg QD) (Kaletra product information, January 2006). Fosamprenavir (FPV) (Lexiva or Telzir), the phosphate ester prodrug of the HIV type 1 PI APV, is approved for the treatment of HIV infection in adults and can be administered with or without RTV (Lexiva [fosamprenavir calcium] product
Rifabutin (RFB) is a semisynthetic rifamycin antibiotic used commonly for the prophylaxis of Mycobacterium avium complex infection or the treatment of tuberculosis coinfection in human immunodeficiency virus (HIV)-infected patients (Mycobutin [rifabutin] product information, February 2002). RFB has five identified metabolites, including 25-O-desacetyl-RFB (dAc-RFB), which has antimycobacterial activity that is equipotent to that of the parent compound on a molar basis (1, 5; Mycobutin product information, February 2002). Following standard doses, the plasma dAc-RFB area under the concentration-time curve (AUC) is approximately 10% of that of RFB and therefore contributes to 10% of the total antimycobacterial activity of RFB (1; Mycobutin product information, February 2002).
Plasma exposure to RFB and dAc-RFB, both substrates of CYP3A4, has been increased significantly by coadministration with CYP3A4 inhibitors, including HIV protease inhibitors (PIs) (1, 5) , which has the potential to increase the risk of RFB-associated adverse events, including neutropenia and uveitis (Mycobutin product information, February 2002). Concomitant administration of amprenavir (APV) (1,200 mg twice a day [BID] ) and RFB (300 mg once per day [QD]) for 10 days increased plasma RFB AUC from 0 to 24 h (AUC 0-24 ) and maximum concentration (C max ) 2.9-and 2.2-fold, respectively, and increased plasma dAc-RFB AUC 0-24 , C max , and minimum concentration 13.3-, 7.4-, and 32.9-fold, respectively, relative to those of RFB (300 mg once a day [QD]) alone; a 50% reduction in the RFB dose was recommended for the combination of RFB and unboosted APV (5) . Similarly, coadministration of lopinavir (LPV)-ritonavir (RTV) (400/100 mg BID) and a 50%-reduced RFB dose (150 mg QD) for 10 days increased plasma RFB AUC 0-24 and C max 3.0-and 4.9-fold, respectively, increased the plasma dAc-RFB AUC 0-24 , C max , and minimum concentration 47.5-, 23.6-and 94.9-fold, respectively, and increased the total antimycobacterial AUC 0-24 5.7-fold relative to those of RFB (300 mg QD) alone (Kaletra [lopinavir-ritonavir] product information, January 2006). A reduction in the RFB dosage of at least 75% is recommended during coadministration with LPV-RTV (Kaletra product information, January 2006). Also an inducer of CYP3A4, RFB (300 mg QD) has been associated with a 34% reduction in indinavir AUC (3) and a 15% reduction in APV AUC (5) , which increases the risk to patients for subtherapeutic antiretroviral treatment; however, LPV AUC was unchanged following administration of LPV-RTV (400/100 mg BID) with RFB (150 mg QD) (Kaletra product information, January 2006). Fosamprenavir (FPV) (Lexiva or Telzir), the phosphate ester prodrug of the HIV type 1 PI APV, is approved for the treatment of HIV infection in adults and can be administered with or without RTV (Lexiva [fosamprenavir calcium] product information). This study was designed to compare steady-state plasma RFB, dAc-RFB, and total antimycobacterial pharmacokinetics (PK) during coadministration of 75%-dose-reduced RFB (150 mg every other day [QOD]) with FPV-RTV (700/ 100 mg BID) to those with RFB (300 mg QD) alone. In addition, plasma APV PK during concomitant administration of FPV-RTV with RFB was compared to historical controls of FPV-RTV 700/100-mg-BID dosing alone.
MATERIALS AND METHODS

Materials.
FPV tablets for oral administration were supplied by GlaxoSmithKline (Ware, Hertfordshire, United Kingdom). Each 700-mg FPV tablet contained approximately 600 mg APV molar equivalents. Norvir soft gelatin capsules for oral administration contained 100 mg of RTV and were manufactured by Abbott Laboratories (Abbott Park, IL). Mycobutin capsules for oral administration contained 150 mg of RFB and were manufactured by Pharmacia & Upjohn Company, a subsidiary of Pfizer, Inc. (Kalamazoo, MI).
Subjects. All subjects underwent screening assessments within 30 days of dosing to determine their eligibility for enrollment in this study. Subjects eligible to participate were healthy males or females between 18 and 55 years of age with a minimum body weight of 50 kg (men) or 45 kg (women) and a body mass index between 18.5 and 29.9 kg/m 2 . Subjects were excluded for abnormal gastrointestinal anatomy or motility, hepatic and/or renal dysfunction, current or recent (within 30 days of the study) use of prescription or nonprescription drugs, a history of allergy to the study drugs or drugs of this class, a clinical history of or current illicit drug or excessive alcohol use, a history of hemophilia, pregnancy, or lactation, a positive test for HIV, tuberculosis, hepatitis B or C, alanine aminotransferase (ALT) or aspartate aminotransferase (AST) levels greater than the upper limit of normal for the local lab, or an absolute neutrophil count or platelets below the lower limit of normal. Subjects were withdrawn from the study for any clinically significant adverse events (AEs) requiring discontinuation of the investigational product, an ALT or AST value increased to three times the upper limit of normal for the local lab, an absolute neutrophil count decreased to Ͻ1,000 cells/ml, reported noncompliance with the study drug, a requirement of prohibited concurrent medications, pregnancy, or a positive screen for illicit drugs or alcohol.
Study design.
A randomized, open-label, two-period, two-sequence, balanced, crossover drug interaction study was employed. Subjects received RFB (300 mg QD) for 13 days and a 75%-reduced RFB dose (150 mg QOD); dosing on days 1, 3, 5, 7, 9, 11, and 13) with FPV-RTV (700/100 mg BID) for 14 days in random order, with a 21-to 28-day washout period between treatments. Plasma trough samples were obtained prior to morning dosing on days 9 and 11. Serial plasma samples were obtained over the RFB dosing interval on the last day of each treatment (predose, 0.5, 1, 1.5, 2, 2.5, 3, 4, 5, 6, 8, 10, 12, 16, and 24 h for RFB (300 mg QD) and also at 36 and 48 h for RFB (150 mg QOD) plus FPV-RTV (700/100 mg QD). Administration of FPV-RTV BID was continued throughout the PK sampling. Vital signs, physical exams, and clinical laboratory assessments were obtained periodically throughout the study. Subjects returned to the study center for a follow-up visit within 21 to 28 days after discontinuation of study drug(s).
Plasma analysis. Whole blood samples were collected into 7-ml EDTA-containing evacuated blood collection tubes. Immediately after collection, the tube was inverted gently to mix the anticoagulant with the blood and the plasma was separated by centrifugation. The plasma samples were stored in cryotubes at Ϫ20°C prior to analysis.
Plasma APV, RFB, and dAc-RFB concentrations were quantified using liquid chromatography with tandem mass spectrometric detection following protein precipitation (APV) or liquid-liquid extraction (RFB and dAc-RFB). The lower limits of quantification were 10 ng/ml for APV and 2.00 ng/ml for RFB and dAc-RFB. Interassay precision (percent coefficient of variation) was Յ8.4% for RFB, Յ8.6% for dAc-RFB, and Յ4.6% for APV. Accuracy (percent bias) ranged between 2.8 to 4.4% for RFB, 1.4 to 3.5% for dAc-RFB, and Ϫ2.8 to 5.9% for APV. Total antimycobacterial concentrations were determined by summing RFB (molecular weight, 847.02) and dAc-RFB (molecular weight, 804.97) concentrations in molar (M) units.
Data analysis. PK analyses of APV, RFB, dAc-RFB, and total antimycobacterial plasma concentration-time data were conducted using noncompartmental Model 200 (for extravascular administration) of WinNonlin Professional software, version 4.1 (Pharsight Corporation, Mountain View, CA) using the linear (ascending) and logarithmic-linear (descending) trapezoidal rule. Actual elapsed time from dosing was used to estimate all individual plasma PK parameters for evaluable subjects.
The maximum observed C max in plasma represents the actual observed values. For subjects receiving RFB (300 mg QD) alone, RFB, dAc-RFB, and total antimycobacterial AUC 0-24 values were doubled to estimate the AUC from 0 to 48 h (AUC 0-48 ) for comparison with results for subjects concomitantly administered RFB (150 mg QOD) with FPV-RTV (700/100 mg BID). The average plasma concentration over the dosing interval at steady state (C avg ) was calculated as the AUC 0-/. The plasma concentrations at the end of the dosing interval () at steady state (C) were calculated as the average of the predose concentrations on days 11 and 13.
Analysis of variance, considering the treatment, period, and sequence as fixed effects and the subject as a random effect, were performed to evaluate the impact of FPV-RTV coadministration on plasma RFB, dAc-RFB, and total antimycobacterial PK parameters using the SAS, version 8.2 (SAS, Cary, NC), mixedlinear-models procedure. The ratios of geometric least-squares (GLS) means and the associated 90% confidence intervals were estimated for the plasma AUC 0-48 , C max , and C in each of the treatment comparisons. Based on known variability of the RFB AUC (5), a minimum of 20 subjects (10 subjects/sequence) were to be enrolled to achieve the 14 evaluable subjects required to provide 90% power for the 90% confidence interval (CI) of the treatment ratio to fall within the range 0.75 to 1.33 for each RFB treatment comparison.
APV PK parameters with concomitant RFB administration were compared to historical data pooled from six studies in which FPV-RTV (700/100 mg BID) was administered to 95 healthy volunteers (6, (9) (10) (11) (12) . Analysis of variance, considering treatment as a fixed effect, was used to evaluate the impact of RFB on plasma APV PK. The ratios of geometric least-squares means and the associated 90% CIs were estimated for the plasma APV C max , AUC 0-, and C for the treatment comparison. Achievement of RFB and APV steady-state concentrations was assessed by calculating the 90% confidence interval of the slope of the linear regression using at least three log-transformed C-versus-time values between days 9 and 13.
RESULTS
Subject disposition and demographics are summarized in Table  1 . A total of 22 subjects were enrolled in the study, and 15 subjects completed all treatments. All subjects (17/17) completed the RFB (300 mg QD)-alone treatment, while 7 of 22 withdrew from the combined treatment of RFB (150 mg QOD) and FPV-RTV (700/ 100 mg BID). Median steady-state plasma concentrations of RFB and dAc-RFB are presented in Fig. 1 . RFB, dAc-RFB, and total antimycobacterial PK parameters and treatment comparisons are summarized in Table 2 . The RFB AUC 0-48 and C avg were unchanged following coadministration of RFB (150 mg QOD) and FPV-RTV (700/100 mg BID) relative to results with RFB (300 mg QD) alone; the RFB C max was decreased 14% (GLS mean ratio a Parameters are reported as geometric means (95% confidence interval); treatment comparisons are expressed as geometric least-squares mean ratios (90% confidence interval), comparing the combination to the FPV-RTV treatment alone. Calculations were performed as described in Materials and Methods. A comparison of plasma APV PK following coadministration of FPV-RTV (700/100 mg BID) with RFB (150 mg QOD) to historical data for FPV-RTV (700/100 mg BID) alone is summarized in Table 3 . Plasma APV AUC 0-and C max were increased 35% and 36%, respectively, during FPV-RTV coadministration with RFB. In contrast, the APV C was not significantly changed in this study relative to historical controls.
Drug-related AEs are summarized by treatment in Table 4 . The most frequently occurring AEs were chromaturia, headache, and diarrhea. Overall, a higher percentage (86%) of subjects receiving the FPV-RTV-containing treatment reported AEs than those receiving RFB alone (71%). All AEs were mild to moderate in severity. Five subjects withdrew from the study due to AEs: three due to moderate rash and one due to mild nausea, which the investigator felt were related to the study drugs, and one due to myalgia, neutrophil percentage increase, and pyrexia, which the investigator felt were not related to the study drugs. One subject was withdrawn due to abnormal creatinine phosphokinase prior to study drug administration, and one subject decided to withdraw for reasons unrelated to safety. Declines in the mean white blood cell count and absolute neutrophil count were noted over the course of 13 days of RFB treatment; these declines were similar with and without FPV-RTV coadministration and resolved upon discontinuation of the study medication (Fig. 2 ). An absolute neutrophil count Ͻ1,000/mm 3 was observed for one subject receiving RFB with FPV-RTV (800/mm 3 , from a predose baseline of 3,100/mm 3 ), which resolved when the subject was off the study medication. Five ALT elevations were reported as AEs for the combination of RFB and FPV-RTV (Table 4 ). All ALT abnormalities were less than twofold the upper limit of normal for the local lab (range, 62 to 93 IU/liter; normal, 5 to 60 IU/liter). Four subjects had elevated ALT at the follow-up visit (n ϭ 3) or at the check-in for period 2 (n ϭ 1), following RFB and FPV-RTV dosing. One subject had an ALT of 70 IU/liter reported as an AE on period 1, day 7 (RFB and FPV-RTV), which resolved by period 2, day 1. An ALT of 123 IU/liter was noted on laboratory values on day 7 of period 2 (RFB alone) for this same subject but was not reported as an AE by the investigator. All ALT abnormalities resolved prior to the subjects' discharge from the study. No other consistent trends in laboratory abnormalities were noted, and no relationships between AEs and RFB or dAc-RFB PK parameters were identified upon graphical inspection of the data. 
DISCUSSION
This study was designed to evaluate the effect of coadministering FPV-RTV with RFB on parent RFB, active metabolite, dAc-RFB, and total antimycobacterial (RFB plus dAC-RFB) PK. Plasma RFB AUC 0-48 was unchanged following coadministration of dose-adjusted RFB (150 mg QOD) with FPV-RTV (700/100 mg BID) compared to standard doses of RFB (300 mg QD). In contrast, the plasma dAc-RFB AUC 0-48 was increased 11.2-fold, from less than 10% of the parent value to approximately 80% of the parent AUC 0-48 . As a result of the significant increase in dAc-RFB, which is equipotent to RFB on a molar basis (1, 5; Mycobutin product information, February 2002), the total antimycobacterial AUC 0-48 was increased by approximately 64% for the combination of RFB (150 mg QOD) and FPV-RTV (700/100 mg BID) relative to that for RFB (300 mg QD) alone. As noted previously, RFB and dAc-RFB AUC 0-24 values were increased 3.0-and 47.5-fold, respectively, following coadministration of LPV-RTV (400/100 mg BID) and RFB at a 50% reduced dose (150 mg QD) compared to results for standard-dose RFB (300 mg QD) alone, and a 75% RFB dose reduction currently is recommended in the LPV-RTV product labeling (Kaletra product information, January 2006). Adjusting for the different RFB dosing intervals to allow comparison of the LPV-RTV and FPV-RTV data, it is predicted that coadministration of LPV-RTV with RFB (150 mg QOD) would increase the RFB and dAc-RFB AUC 0-48 values by approximately 1.5-and 24-fold, respectively, greater than was observed with FPV-RTV, where there was no change in RFB AUC 0-48 and an 11.2-fold increase in dAC-RFB AUC 0-48 .
Unlike the 15% decrease in the APV AUC following coadministration of RFB (300 mg QD) with APV (1,200 mg BID) (5), coadministration of dose-adjusted RFB with FPV-RTV (700/100 mg BID) in this study increased plasma APV AUC 0-by 35% and C max by 36% and had no effect on C compared to pooled historical APV data following FPV-RTV BID. Boosting with RTV may alter the inductive effect of RFB on PIs, since LPV was unchanged to slightly increased following coadministration of 50%-dose reduced RFB with LPV-RTV (Kaletra product information, January 2006). In addition, this small increase in APV AUC may reflect differences in study populations. The true effect of RFB (QOD) on APV PK is unclear without intrasubject comparisons, but the effect appears to be relatively minor.
The combination of RFB (150 mg QOD) and FPV-RTV (700/100 mg BID) for 14 days had a side effect profile similar to previously described events with RFB or FPV-RTV alone (1, 2) . Neutropenia (absolute neutrophil count of Ͻ750/mm 3 ) has been found in 25% of subjects receiving RFB in efficacy studies (Mycobutin product information, February 2002) but has not been reported for healthy subjects receiving FPV with or without RTV (4, (6) (7) (8) (9) . Therefore, it is likely that the neutropenia observed during this study was related to RFB administration. A rash occurs more frequently with a higher withdrawal rate in healthy subjects receiving FPV-RTV (7) (8) (9) than in HIV-infected patients receiving FPV-RTV (Lexiva [fosamprenavir calcium] product information, June 2006), which may in part reflect a different risk-benefit profile for patients and a true potential for less-frequent rashes in HIVinfected patients. Safety findings were also similar to those in other studies of protease inhibitors coadministered with RFB (2, 3, 5) . Therefore, the coadministration of RFB and FPV-RTV does not appear to cause safety concerns in addition to those of either treatment alone.
When coadministered with FPV-RTV (700/100 mg BID), RFB (150 mg QOD) achieves a comparable RFB exposure and acceptable increases in dAc-RFB and total antimycobacterial exposures relative to those of the standard RFB (300 mg QD) regimen. The safety profile of this combination therapy of RFB and FPV-RTV is similar to the safety profile for either treatment alone. A reduction in the RFB dose of at least 75% (to 150 mg QOD or three times weekly) is recommended when it is coadministered with FPV-RTV (700/100 mg BID); the safety and efficacy of the combination, however, have not been confirmed for tuberculosis-infected HIV-positive patients.
